This is expected given that the three studies were based on less-well curated As expected, alignments of proteins from some of these orthologs showed short 2 4 9
regions of sequence conservation (Fig. S1 ). homologs were detected; however, genes with the same name were present in confirmed that they were present in the human genome (Fig. S2 ).
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Orthology relationships of PDNGs that were part of tandem arrays were not established given that some tandem arrays tend to experience high rates of gene turnover. Thus, the number of PDNGs with orthologs in human could be higher.
5 7
In approximately one third of these PDNGs (36/107) homology to non-rodent significant proportion of false positives in de novo surveys will be undetected 2 6 0 using BLAST-only approaches. UCSC known gene murine data sets ( Fig. 2d ; Table 2 ). Non-genic homologous
sequences to PDNGs were also found using BLASTn searches against the 2 9 6 mm10 mouse genome assembly, but were not included in the validation of
PDNGs. Fifty-four 'de nono' genes clustered in 20 tandem arrays, defined as groups of 'de 3 0 0 nono' genes less than 100kb apart ( Fig. 2e ; Table S1 ). At least one gene pair in the first place (Fig. 2e) . Moreover, PDNGs in some arrays belonged to known keratin-associated genes and another one was found within a cluster of defensin specific duplications rather than de novo gene formation. This finding
underscores the importance of implementing more rigorous homology searches
within the focal genome in de novo gene studies in order to remove false 3 1 2 positives due to young gene duplicates. Synteny analyses
Synteny information in de novo gene investigations is crucial to detect enabler alignment, which includes 40 mammalian genomes ( Fig. 2f ; Table S1 ). It is
arguable that some of these 'de nono' genes with no synteny information may 3 2 5
represent true de novo genes that evolved in genomic region that have been lost
through deletions in non-rodent mammals. However, this is unlikely given that the 3 2 7
synteny information relies on alignments of a large number of mammalian and rodents), which were not assessed in this study. Many 'de nono' genes with no apparent orthologs outside rodents could
represent lineage-specific copies of older parent genes. Indeed, 76/131 'de nono'
genes with no synteny conservation shared homology with at least one inparalog.
Some of the remaining 55 'de nono' genes with no synteny conservation may with their parent genes; for example, four of them belong to tandem arrays. As Conserved domains were found in protein sequences encoded by 39 PDNGs 3 4 7 (Table S1 ). As expected, some of these domains belong to gene families of these criteria were applied in the Neme and Tautz study. Therefore, the N2013
PDGNs set contains genes with weak annotation support and genes lacking 4 1 6 synteny data. Thus, the 142 validated de novo genes from the N2013 study
represent an upper boundary of the number of potential mouse de novo genes,
with the caveats that some of them might be present also in the rat genome, but
could not be detected in BLAST searches due to high levels of divergence. More orthologs and the pseudogene Snhg11 ( Fig. 2d; Fig. S2 ). to be mouse-specific. This result implies that the maximum rate of de novo gene genes, compared to 70 automatically annotated genes (Table S2 ). I will refer to all increased significantly from the AA group to the MA group and for both of (Table S3 ). These 3'UTRs (9) or introns (27) of older genes (Table S4 ). Except for the 3'UTR cases, 4 6 4 most de novo genes overlapped on the opposite strand of the older gene ( Table   4 6 5 S4). Given that coding exons occupy only ~1% of mammalian genomes, the exons could thus accelerate the origin of de novo genes through overprinting.
7 3
Overall, de novo genes tend to overlap with other genes almost six times more often than older genes (46.7% vs. 8.4%; P < 0.00001, Fisher exact test). This It has been argued that de novo genes encoding for proteins that show low
propensity to form aggregates, and thus are less prone to induce cytotoxicity, and found that: 1) de novo genes showed the highest level of ISD, which 4 9 7
suggested they were preadapted to become novel genes because they encode
proteins with low tendency toward aggregation; 2) ISD levels increased 4 9 9
throughout mouse genes phylostrata. comparable length (P < 0.0001, Mann-Whitney U test. Fig. 3a ; Table S3 ).
0 6
However, this derives from the particularly high levels of disorder in proteins (all P < 0.002, Mann-Whitney U test). On the contrary, I found no significant
difference in ISD levels between proteins from short older genes and proteins Recent works have shown that high disorder levels in orphan and de novo proteins are associated with the elevated GC content of their genes (Basile et al. genes showed significantly higher %GC compared to any other group of genes 5 1 8 (all P < 0.0004, Mann-Whitney U test; Fig. 3b ; Table S3 ), contrary to intergenic or likelihood of proto-genes to be spuriously expressed and eventually evolve into 5 2 7
functional genes. older genes. INT: intergenic. three previous studies to show that the majority of putative de novo genes thus imply that the known homology detection bias in phylostratigraphy is not minimized by focusing on the youngest genes in a given species, as previously more sensitive homology search approaches and synteny analyses. proteins. This would suggest that de novo genes evolve more frequently from 5 6 4
proto-genes that are preadapted because they encode peptides with low level of levels than older genes; however, I found that this is due to a subset of de novo 5 6 7
genes that share high GC content and overlap with coding exons of older genes. mere consequence of the high %GC of some de novo genes, rather than supporting the preadaptation hypothesis. coding genes in v67. protein IDs and sequences annotated in the closest available data set, the
